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Abstract 
This paper reports a method of on-line recycling for abrasives while using abrasive water jet to clean components to be remanufactured. It uses 
a stirring overflow separator to realize the separation of abrasives and dirt. Abrasives are broken into pieces due to the impact in cleaning 
process, and the contamination cleaned off mingles with abrasives suspension, all of which seriously influence the cleaning effect. Meanwhile, 
as new high-tech abrasives (such as ceramic abrasive, silicon carbide abrasive) appear continuously, the proportion of abrasives in wet abrasive 
blasting cleaning cost is increasing. Thus, it’s more important to reuse the abrasives. The recycling of abrasives makes the abrasive water jet 
cleaning greener, more economical, and more sustainable. 
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1. Introduction 
Air pressure abrasive water jet cleaning (AWJC) is a 
technology which uses compressed air to accelerate the 
abrasive water jet to clean targets (Fig. 1). In the various 
cleaning method, the cleaning effect of air pressure AWJC is 
the best [1]. The surface to be cleaned can obtain the required 
cleanliness, and obtain certain roughness at the same time. Air 
pressure AWJC can not only clean simple components, but 
also devices with complicated shape. By controlling the 
cleaning parameters, Air pressure AWJC can achieve the 
cleaning of various substrates with different material [2]. All 
these advantages make the Air pressure AWJC more widely 
used in many fields, such as aircraft, ships, electronic 
components and other industrial fields, especially in 
manufacturing field. 
In general, the industrial use of a technology largely 
depends on its cost. The overall cost of an air pressure AWJC 
system still remains high, despite a move by the industry to 
reduce the equipment cost and operating cost, and most of 
which is the cost of abrasive [3]. When abrasive disposal is 
included, this percentage can be even higher [4]. The cost of 
the abrasive constitutes nearly 75% of the total cost of 
operation (TCO) [5]. Now, as new high-tech abrasives appear
continuously, such as ceramic abrasive, silicon carbide
abrasive etc [6, 7], the proportion of abrasives in air pressure 
AWJC cost is increasing. The high cost of the abrasive has
restricted the use of this technology. Now, in order to reduce 
the operating cost, the abrasive particles are recycled for 
many times, especially new high-tech abrasives. 
The cleaning efficiency is influenced by the kind of 
particle, particle size, particle size distribution, and shape of 
the abrasive particles, etc. The present experiments show that, 
in a certain range, larger abrasive particle size can carry more 
energy, which in the end have more cleaning ability [9]. The 
abrasive particles disintegrate inevitably while colliding
during the acceleration and focusing process, and also in the 
process of cleaning [10, 11]. When using abrasive water jet to 
clean components to be remanufactured, the contamination 
cleaned off also mingles with abrasives suspension. All these 
would seriously influence the cleaning effect. Thus, it’s 
extremely important to find an effective method to separate 
the broken abrasive particles and those contamination
particles.
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In this paper, we put forward a method of on-line recycling 
for abrasives which uses a stirring overflow separator to 
realize the separation of abrasives and dirt, while using air 
pressure abrasive water jet to clean components. This on-line 
recycling method of abrasives makes the air pressure AWJC 
greener, more economical, and more sustainable [12]. 
2. Abrasive  
2.1. Abrasive characteristic 
The mechanism of AWJC is using high-speed abrasive 
particles to impact and scratch contamination, so as to achieve 
the purpose of removing it. The kind of particle, particle size, 
particle hardness, and shape of the abrasive would influence 
the removal effect of contamination. Thus, it’s important to 
select appropriate abrasive and keep the stability of its 
characteristic [13]. 
Now, there are numerous kinds of abrasive used in 
different industrial cleaning field. Those abrasives can be 
divided into two classification, natural abrasive and artificial 
abrasive. Most natural abrasive only can be used for one time, 
while nearly all artificial abrasive can be reused for many 
times. With the continuous development of new material, 
more and more new high-tech artificial abrasives are 
synthesized and applied [6, 7]. Table 1 lists several common 
used artificial abrasives. 
 
Table. 1. Several common used artificial abrasives [8]. 
Abrasive shape hardness mesh sizes recyclability 
Ceramic 
abrasive Spherical MOHS8 6~600 good 
Glass beads Spherical MOHS5-6 20~325 good 
Silicon carbide 
abrasive Grainy MOHS9 6~600 good 
Steel grit Grainy Rc40-60 18~200 Very good 
 
In our present study, we chose B40 ceramic pill abrasive as 
the experimental target. The chemical composition of B40 
ceramic pill is listed in Table 2, provided by the manufacturer. 
The physical properties of B40 ceramic pill is presented in 
Table 3. 
 
 
Table. 2. Chemical composition of B40 ceramic pill 
Chemical composition ZrO2 SiO2 MgO2 Al2O3 
Content (%) 67 30 2 1 
 
Table. 3. Physical properties of B40 ceramic pill 
specific 
weight 
bulk 
weight 
Mohs 
hardness 
Compressive 
strength Sphericity 
5.1 kg/dm3 > 2.5 kg/L 7.7 85 kg (2mm) 90% 
 
In these physical properties, the main factor affecting the 
fragmentation of abrasive is compressive strength. Its 
numbers in the table are measured under dry conditions. It has 
been reported that increasing humidity decreases the fracture 
toughness of aluminum oxide [14]. But the difference 
between the average crushing force of the wet and dry 
aluminum oxide particles was less than 1%, which was 
statistically insignificant [15].Thus, there is no significant 
influence when doing experiment with B40 ceramic pill 
abrasive.  
 
Table. 4. Constant experiment process parameters 
Experimental equipment YT-1308 abrasive water jet cleaning system 
Workpiece engine cylinder to be remanufactured 
Abrasive B40 ceramic pill 
mesh sizes 40 
nozzle diameter (mm) 8 
Pressure (MPa) 0.8 
Air flow rate (m3/min) 1 
Cleaning time (h) 10, 20 
 
Fig. 1. Schematic of Air pressure abrasive water jet cleaning system 
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2.2. Used abrasive 
Abrasive particles are broken into pieces in cleaning 
process, and the contamination cleaned off mingles with 
abrasives suspension. The breakdown of particles occurs in 
three stages: 1. Particle/particle and particle/wall collisions in 
the mixing chamber/focusing tube assembly [13]; 2. Particle/ 
target collisions on the cleaning surface of the target; 3. 
Particle/particle collisions when particles rebound from the 
target [10, 11]. In order to study the behavior of used abrasive 
particles, we conduct a series of experiment. The constant 
experiment process parameters are given in Table 4. The 
workpiece is waste engine cylinder to be remanufactured. The 
material of the engine cylinder is cast steel. The main 
contamination on it is paint, rust, and sludge. 
 
 
 
Fig. 2. used abrasive 
As can be seen from the Fig. 2, disintegrated and dirt 
mixed together with integrated abrasive. Abrasive particles 
have broken in different degree. To study the disintegration 
behaviour of abrasive, we randomly collect one hundred 
abrasive particles for three times from the abrasive used for 
10 hours and 20 hours, respectively. We convert disintegrated 
abrasive grains size into equivalent diameter. Using the 
method of classification statistics, we divide the used abrasive 
particles into four grades according to their equivalent 
diameter for each group, and evaluate average value of each 
grade, as shown in Fig. 3. From Fig. 3 (a), we know that 18% 
of the abrasive particles have broken into piece, and the 
number of disintegrated particles distributed in each range is 
roughly same. As presented in Fig. 3 (b), nearly half of the 
abrasive particles are broken after cleaning for 20 hours. It 
indicates that the trend of the crushing velocity of abrasive 
particles is increasing as the time increases. 
 
 
 
 
(a) 
 (b) 
Fig.3. classification statistics of used abrasive particles: (a) cleaning for 10 
hours; (b) cleaning for 2 hours. 
3. On-line recycling of abrasive 
3.1.  Recycling system of abrasive 
The recycling system mainly consists of four parts: 
abrasive water jet cleaning, abrasive collecting, waste 
abrasive separating, and sewage treatment system (Fig. 4). 
 
 
Fig. 4. Schematic of abrasive recycling system 
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The recycling process of abrasive is described as follows: 
1. Abrasive suspension is accelerated by compressed air in 
the mixing chamber, and then blow out from the nozzle. 
The high sped abrasive particles impact onto the 
workpiece. 
2. The used abrasive suspension and dirt are collected in 
abrasive collecting tank. An abrasive pump conveys the 
mixture to stirring overflow separator. 
3. The broken abrasive particles and dirt are separated out 
from undamaged abrasive. Then, an abrasive pump 
conveys the undamaged abrasive to cleaning system to 
be reused. 
4. The broken abrasive particles, dirt, and waste water 
flow into sewage treatment system. The refreshed water 
is recycled to the system. 
5. New abrasive particles and fresh water are added timely 
into the system according to their consumption. 
 
3.2. Mechanisation of the recycling system 
The core component of the recycling system is stirring 
overflow separator. Fig. 5 presents the structure of the 
separator.  
Solid particles in liquid have two effects of gravity and 
buoyancy. According to the mechanical analysis of them, we 
can get the general formula of spherical solid particle settling 
velocity ߤ௦ in a fluid as 
24 1 1
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Where ߤ௦ is fall velocity of particles, A is shape factor, ܥௗ 
is drag coefficient, ܥ௦ is the specific weight of particles, ܥ is 
the specific weight of water, ݃ is gravity acceleration, ܦ௦  is 
the equivalent diameter, D is the diameter of the separator 
[16]. 
When the target is spherical, A=1; and when the target is in 
irregular shape, A<1 [17].  
The drag coefficient ୢ is related to Reynolds number.  
 
When Re< 1, ܥௗ=24/Re [18];  
When 1< Re< 1000, 
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When Re>1000, ܥௗĬ0. 45. 
 
Where L is fluid viscosity, ߩ is the density of water. 
We can obtain ߤ௦ through the combination of (1) and (2) 
[19]. 
Through the analysis of fluid, it’s natural to get that the 
mixture of used abrasive and dirt forms a suspended state with 
the agitation of an impeller at a certain speed after being 
conveyed to the separator. Due to the comprehensive effect of 
gravity and shape and other reasons, different objects drop 
with different rate in the water. Thus, the suspension is 
divided into different layers [20, 21]. The dirt, with largest 
buoyancy, is contained in the upper layer, and broken abrasive 
particles stay in the layer below, while integrated abrasive 
particles stay in the bottom layer. With the water being added, 
dirt and broken abrasive particles are separated away from the 
separator. The integrated abrasive particles in the bottom layer 
are conveyed to cleaning system to be reused. 
 
Fig. 5 Schematic of stirring overflow separator 
4. Conclusion 
This paper reports the research on recycling of abrasive in 
air pressure AWJC, and put forward an on-line abrasive 
recycling method.  
The cost of abrasives contributes significantly to the 
cleaning cost in air pressure AWJC. It has been confirmed 
that abrasive particles will impact into piece in the process of 
cleaning. As time increases, the abrasive particle crushing is 
becoming more serious. The dirt being cleaned off from the 
surface of waste machinery products mixes together with 
integrated and fragmentized abrasive particles.  
The recycling system can separate dirt and fragmentized 
abrasive particles efficiently. Integrated abrasive particles are 
conveyed to cleaning system to be reused. And the sewage 
treatment system realizes the refreshment of water. The 
recycling of abrasives reduces the cost of air pressure AWJC, 
and decreases the pollution of the environment, all of which 
make the abrasive water jet cleaning more environmentally 
friendly and more economical.  
However, the separation result of the system we use now is 
not very ideal. For future research, improving this system or 
investigating other more efficient and more sustainable 
methods to realize on-line recycling of abrasive in AWJC 
should be conducted. Moreover, LCA should also be carried 
out synchronously. 
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